Objective: Infiltrating inflammatory cells within the myocardium have been shown to be apoptotic, but the significance of apoptotic inflammatory cells to the development of cardiomyopathy remains undefined. Transgenic mice with cardiac-specific expression of MCP-1 exhibit extensive apoptosis of infiltrating mononuclear cells and develop heart failure. Here, we tested the hypothesis that in vivo selective inhibition of apoptosis of infiltrating mononuclear cells would preserve cardiac structure and function and improve survival in this murine model. Methods: Mice with cardiac-specific expression of MCP-1 and monocyte-specific expression of Bcl-2 were generated by cross-breeding MCP-1 transgenic mice with hMRP8-Bcl-2 mice that over-express Bcl-2 in the monocytes. Structural and functional parameters and the inflammatory response of the heart were evaluated and compared between the wild-type and transgenic mice. Results: Expression of Bcl-2 in monocytes results in superior preservation of myocardial structure, cardiac function and a significant prolongation of survival of MCP-1 transgenic mice. The beneficial effects of monocyte-specific Bcl-2 expression are associated with inhibition of apoptosis of infiltrating mononuclear cells, normalization of circulating C-reactive protein levels, attenuation of cellular infiltrates, macrophage activation and production of proinflammatory cytokines, tumor necrosis factor (TNF-a), interleukin (IL)-1h and IL-6 in the hearts.
Introduction
Inflammation contributes to the pathogenesis of heart disease, and the pathophysiological basis for the initiation and maintenance of inflammation in this setting has been related to the recruitment and activation of monocytes/ macrophages within the myocardium [1] [2] [3] . Monocyte chemoattractant protein-1 (MCP-1) is the chief chemokine responsible for the recruitment of monocytes to sites of inflammation [4] . Its expression and functional significance have been shown in atherosclerosis, myocardial infarction and remodeling, and congestive heart failure [5] [6] [7] [8] . To mimic the inflammatory component implicated in the heart disease, we developed transgenic mice that express MCP-1 in the heart under the control of a-myosin heavy chain promoter [9] . These mice exhibit mononuclear cells infil- trating into the myocardium, ventricular hypertrophy and dilatation, interstitial fibrosis, impaired cardiac function and increased mortality with heart failure by 6 months of age [9, 10] . A number of infiltrating mononuclear cells in the hearts of these mice also display apoptotic cell death features.
Apoptotic cell death is increasing recognized as a potentially important pathophysiological process that occurs in a broad variety of disease conditions [11] . There is increasing evidence for association of apoptosis with the pathological states of cardiovascular diseases [11 -13] . The presence of apoptotic cells in these setting is associated mostly with infiltrating mononuclear cells or non-cardiomyocytes [12,14 -16] . However, the actual role of apoptosis of infiltrating mononuclear cells in the development of cardiomyopathy remains obscure. Recent studies of in vivo experimental models and clinical studies have demonstrated that failure to remove apoptotic cells from inflammatory foci contributes to a persistent state of inflammation in various organs and tissues [17, 18] . Thus, it is postulated that the extensive apoptosis of infiltrating mononuclear cells in the hearts of MCP-1 transgenic mice would enhance myocardial inflammation and trigger apoptosis of vascular cells and cardiomyocytes resulting in the progression of heart failure. To test this hypothesis, we attempted to prevent the death of infiltrating mononuclear cells in MCP-1 transgenic mice by targeted over-expression of Bcl-2 in monocytes since over-expression of Bcl-2 in monocytic cell lineages has been shown to protect monocytes from apoptosis [19] . To achieve this, we crossed MCP-1 transgenic mice with hMRP8-Bcl-2 mice that over-express human Bcl-2 in monocytes [19] and assessed whether Bcl-2 expression affected monocytes survival and the disease progression in MCP-1 transgenic mice. We report here that Bcl-2 over-expression in the monocytes of MCP-1 transgenic mice inhibited apoptosis of infiltrating mononuclear cells, attenuated myocardial inflammatory response by suppressing cellular infiltrates, macrophage activation and inflammatory cytokine production in the hearts, and ameliorated cardiomyopathy resulting in a dramatically preserved cardiac structure, function and improved survival in this murine model of cardiomyopathy.
Methods

Animals
Experimental procedures in mice and protocols used in this study were approved by Animal Care and Use Committee of the University of Central Florida and the Ohio State University, conforming with the Guide for the care and use of laboratory animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). Male mice were used for all experiments. The generation of hMRP8-Bcl-2 transgenic mice that overexpress Bcl-2 in monocytes under the control of the human MRP8 promoter has been described previously [19] . MCP-1 transgenic (MCP) mice were generated by expressing the murine MCP-1(JE) gene under the control of a-myosin heavy chain promoter [9] . Cross-breeding generated double homozygous transgenic mice (MCP/Bcl-2) that over-express MCP-1 in heart and Bcl-2 in monocytes. The genotypes of MCP/Bcl-2 mice were identified by polymerase chain reaction (PCR) with genomic DNA from tail clips. Quantitative real-time PCR was performed to confirm expression of the transgenes. Primer pairs used were as follows: MCP-1, forward 5V-CAGGTCCCTGTCATGCTTCT-3V, reverse 5V-CACTGTCACACTGGTCACT-3V; Bcl-2, forward 5V-GGGAGGATTGTGGCCTTCTT-3V, reverse 5V-ATCC-CAGCCTCCGTTATCCT-3V. Normal FVB/N strain mice purchased from Harlan (Indianapolis, Indiana) were used as wild-type controls.
Cardiac morphology and histomorphometric analysis
Wild-type and transgenic mice of 2, 4 and 6 months of age were examined. After removing blood samples, the heart was removed, weighed and fixed in 10% phosphatebuffered formaldehyde or snap-frozen in liquid nitrogen for RNA and protein analysis. Photographs of whole hearts were taken with a Spot Insight digital camera (Diagnostic Instrument, Inc., Sterling Heights, MI) with a computerized Nikon SMZ1000 dissecting microscope. The hearts fixed in 10% buffered formalin were routinely processed and paraffin embedded. Sections (5 Am) were stained with hematoxylin and eosin, and Masson's trichrome for histopathological analysis. Quantitative assessments of interstitial fibrosis were performed on five randomly selected fields per section and expressed as interstitial collagen volume fraction. The collagen volume fraction was calculated as a percentage of the sum of all blue-stained areas to the total ventricular areas by using the Metamorph Series 6.2 image analysis program (Universal Imaging, West Chester, PA).
Detection of infiltrated inflammatory cells by immunohistochemistry
Infiltration of inflammatory cells was detected by immunohistochemical staining. Sections were incubated with anti-CD45 antibody, anti-Mac-3 antibody (Pharmingen, San Diego, CA), anti-Mac-1 (CD11b, clone M1/70) antibody (Abcam, Inc., Cambridge, UK) or isotype control overnight at 4 -C, then incubated with horseradish peroxidase-conjugated goat anti-rat antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Peroxidase activity was visualized with diaminobenzidine and sections were counterstained with haematoxylin. Quantitative assessments for CD45-, Mac-1-and Mac-3-positive cells were performed using the 
Real-time PCR assay for mRNA quantification
Total RNA was isolated from left ventricle tissues of transgenic mice and age-matched wild-type controls by use of TRIzol Reagent (Invitrogen, Carlsbad, CA). cDNA was synthesized from 1 Ag RNA using the SuperScript First-Strand Synthesis System (Invitrogen). Relative levels of mRNA transcripts for cytokines, tumor necrosis factora (TNF-a), interleukin (IL)-1h and IL-6 were quantified by real-time PCR. As a control, the quantity of an endogenous ''housekeeping'' messenger RNA (mouse hactin) was measured and used to normalize the data. A total of five samples were run for each experimental group and all PCR samples were in duplicate. The expression levels of each targeted gene were normalized by subtracting the corresponding mouse h-actin threshold cycle (C T ) values by using the DDC T comparative method [20] . Primer pairs used were as follows: TNF-a, forward 5V-ACTCAACAAACTGCCCTTCTGAG-3V, reverse 5V-TTACAGCTGGTTTCGATCCATTT-3V; IL-1h, forward 5V-TGTGGCTGTGGAGAAGCTGT-3V, reverse 5V-CA-GCTCATATGGGTCCGAGA-3V; IL-6, forward 5V-CA-CGGCCTTCCCTACTTCAC-3V, reverse 5V-TGCA-AGTGCATCATCGTTGT-3V; h-actin, forward 5V-GAAATCGTGCGTGACATCAAAG-3V, reverse 5V-TGTAGTTTCATGGATGCCACAG-3V.
ELISA for circulating C-reactive protein
The circulating levels of circulating C-reactive protein (CRP) in plasma were measured with mouse high-sensitive CRP ELISA kit (Kamiya Biomedical Company, Seattle, WA), which specifically detects mouse CRP.
Echocardiographic measurements
Echocardiographic studies were performed with an Agilent Technologies SONOS 4500 ultrasonography system equipped with 15-MHz high frequency transducer (Philips Medical System, Germany). Mice were lightly anesthetized via a nose cone and maintained with 0.5 -2.0% isoflurane (AErrane, Baxter, USA) mixed with oxygen. A twodimensional short-axis view of left ventricle was obtained at the level of the papillary muscles and two-dimensionally targeted M-mode tracings were recorded at a sweep speed of 100 mm/s. The percentage of left ventricular fractional shortening (%FS) was calculated as: FS (%) = [(LVEDD À L-LVESD) / LVEDD] Â 100, where LVEDD and LVESD indicate left ventricular end-diastolic and end-systolic diameter, respectively. Data from three to five consecutive selected cardiac cycles were analyzed and averaged.
Survival studies
Additional groups of mice, wild-type (n = 28), MCP (n = 36) and MCP/Bcl-2 (n = 32) mice were included in survival analysis. During the study period of 28 weeks, the mice were allowed free access to food and water, and cages were inspected daily. Animals that developed a clinical heart failure consisting of decreased activity, tachypnea, hunched posture and poor grooming were euthanized by CO 2 asphyxiation.
Statistical analysis
All values are presented as means T standard errors. Results of functional and biochemical tests were compared between groups by a nonparametric one-way analysis of variance (ANOVA) followed by t-tests. Survival analysis was performed by using a Kaplan-Meier method and betweengroup difference in survival was tested by the log-rank test. Differences were considered significant at P-value of < 0.05.
Results
Over-expression of Bcl-2 in monocytes of MCP mice
Targeted over-expression of Bcl-2 in monocytes of MCP mice was achieved by cross-breeding homozygous MCP mice [9] with homozygous hMRP8-Bcl-2 transgenic mice that over-express Bcl-2 in monocytes [19] . The transcript levels of MCP-1 and Bcl-2 transgenes were measured in whole heart by real-time PCR. Both MCP-1 and Bcl-2 transcripts were undetectable in wild-type controls, whereas nearly equal expression of the transgene was found in mice expressing only one transgene versus mice expressing both transgenes (Fig. 1A,B) .
Monocyte-specific expression of Bcl-2 in MCP mice attenuates cardiac deterioration
As shown in Fig. 2 , cardiac deterioration and increased heart/body weight (HW/BW) ratio in MCP mice were clearly attenuated by targeted Bcl-2 expression in monocytes ( Fig. 2A,B) . Such Bcl-2 expression in the wild-type background did not alter the HW/BW ratio (4.41 T 0.06, 4.36 T 0.19 mg/g at 2 and 6 months of age, respectively; P > 0.05 versus age-matched wild-type controls, n = 6 per time point). Histological examination showed that the MCP/ Bcl-2 mice had much less interstitial inflammatory cells infiltration, myocardial degeneration (vacuolized cardiomyocytes) and interstitial collagen deposition when compared with age-matched MCP mice (Fig. 2C) . Cardiac interstitial collagen volume fraction in 6-month-old MCP mice was 24.1 T1.6%. In the age-matched MCP/Bcl-2 mice, there was a significant decrease in interstitial collagen volume fraction (10.8T1.2%, P < 0.001 versus MCP mice) although the levels did not reach exactly the levels found in age-matched wild-type controls (2.3 T 0.6%, P < 0.05 versus MCP/Bcl-2 mice) (Fig. 2D ).
Protection of infiltrating cells, vascular cells and cardiomyocytes from apoptosis by monocyte-specific Bcl-2 expression
To determine whether monocyte-specific Bcl-2 expression prevents apoptosis of infiltrating mononuclear cells within the myocardium, TUNEL staining was performed. The majority of infiltrating mononuclear cells were TUNEL-positive in the hearts of 6-month-old MCP mice manifesting heart failure. Cells infiltrating in the hearts of MCP/Bcl-2 mice showed few TUNEL-positive cells with many fields entirely negative, and the incidence of TUNELpositive cells were similar to that seen in both age-matched wild-type controls (Fig. 3A -C) . Quantitative analysis showed that the majority of infiltrating mononuclear cells in the hearts of MCP mice were apoptotic, whereas only a small fractions of the infiltrating cells were TUNEL-positive in the hearts of MCP/Bcl-2 mice; there was no significant difference in the percentage of TUNEL-positive infiltrating cells between MCP/Bcl-2 mice and age-matched wild-type controls (Fig. 3F) . TUNEL-positive nuclei were also observed in scattered cardiac myocytes of 6-month-old MCP mice (Fig. 3B ). There was an almost 8-fold increase in the number of TUNEL-positive myocytes in MCP mice hearts (737 T 110 per 10 5 cells, n = 6) compared with agematched wild-type controls (98 T 36 per 10 5 cells, n = 5). In contrast, TUNEL-positive myocytes were comparable in wild-type controls and the age-matched MCP/Bcl-2 mice (101 T16 per 10 5 cells, n = 5). Vascular smooth muscle cells and endothelial cells in the hearts of MCP mice were TUNEL-positive but in the hearts of age-matched MCP/Bcl-2 mice and the wild-type controls were TUNEL-negative (Fig. 3D,E) . The number of TUNEL-positive cells in the hearts of hMRP8-Bcl-2 transgenic mice was similar to those in the age-matched wild-type controls (data not shown).
Attenuation of myocardial inflammation by monocytespecific Bcl-2 expression
Apoptotic cells induce inflammation by the release of inflammatory cytokines [21, 22] . To determine whether inhibition of apoptosis of infiltrating mononuclear cells by monocyte-specific Bcl-2 expression would attenuate myocardial inflammation in MCP mice, the cellular infiltrate was characterized by immunohistochemical analyses. Sections from left ventricles of MCP, MCP/Bcl-2 and agematched wild-type mice were immunostained for CD45, Mac-1 and Mac-3 (Fig. 4A) . Whereas CD45 is a panleukocyte marker which labels neutrophils and weakly detects hematogenous macrophages, Mac-1 is expressed on both granulocytes and monocytes/macrophages and Mac-3 specifically is expressed in activated macrophages [23] . There were no significant differences in the number of infiltrating inflammatory cells between the hearts of the hMRP8-Bcl-2 mice and the age-matched wild-type controls (data not shown). The number of positive cells for CD45, Mac-1 and Mac-3 was clearly less in the hearts of MCP/Bcl-2 animals compared to age-matched MCP mice, but was higher than that in the age-matched wild-type controls (Fig.  4B-D) , suggesting that cellular infiltration and macrophage activation in the hearts of MCP mice were attenuated by monocyte-specific expression of Bcl-2. CRP, a marker of inflammation, has been consistently found to be associated with coronary heart disease and heart failure [24] . Circulating levels of CRP were measured by ELISA to obtain a quantitative estimate of extent of inflammation in both MCP and MCP/Bcl-2 mice. The levels of circulating CRP were significantly lower in the MCP/Bcl-2 mice compared with age-matched MCP mice (Fig. 4E) . Production of proinflammatory cytokines TNF-a, IL-6 and IL-1h in the hearts of wild-type, MCP and MCP/Bcl-2 mice were also tested by measuring the levels of their mRNA transcripts by real-time PCR. The hearts of MCP/ Bcl-2 mice showed greatly reduced levels of transcripts of these inflammatory cytokines when compared with those of MCP mice, although the levels did not reach exactly the levels found in age-matched wild-type controls (Fig. 5A-C) . Clearly, the up-regulated expression of proinflammatory cytokines in the hearts of MCP mice was significantly suppressed by monocyte-specific Bcl-2 expression. Taken together, these results suggest that monocyte-specific Bcl-2 expression attenuated myocardial inflammatory response in MCP mice.
Improvement of cardiac function of MCP mice by monocyte-specific Bcl-2 expression
To determine whether protection of infiltrating mononuclear cells from apoptosis combined with suppression of myocardial inflammation by the monocyte-targeted expression of Bcl-2 would benefit cardiac structure and function of MCP mice, serial echocardiographic measurements were performed in lightly anesthetized wild-type and transgenic mice. Representative M-mode of echocardiogram obtained from 6-month-old wile-type, MCP and MCP/Bcl-2 mice are presented in Fig. 6A . The MCP mice showed enlarged left ventricle chambers, as shown by progressive increase in left ventricle end-diastolic dimensions (LVEDD) (Fig. 6B) , and severe cardiac dysfunction, as shown by the markedly reduced fractional shortening (FS) with age (Fig. 6C) . Monocyte-specific Bcl-2 expression in MCP mice resulted in significant preservation of left ventricle geometry with less ventricular dilatation and slightly decreased fractional shortening (Fig. 6A -C) . This observation exhibited good correlation with the pathological findings presented in Fig. 2. 
Monocyte-specific Bcl-2 expression prolongs survival of MCP mice
As shown in Fig. 7 , a Kaplan -Meier analysis of survival showed that cumulative survival probability for MCP mice was greatly shortened. Over a 28-week follow-up period, the probability of survival for MCP mice was approximately 7.36% compared with 91.4% for wild-type controls. Over the same period, MCP/Bcl-2 mice showed a probability of survival of 76.2%. These data clearly demonstrate that prevention of apoptosis of infiltrating mononuclear cells by monocyte-specific Bcl-2 expression drastically improved survival of MCP mice.
Discussion
The major purpose of this study was to assess the contribution of apoptosis of infiltrating inflammatory cells to the development of cardiomyopathy and heart failure. Results presented here show that inhibition of apoptosis of infiltrating mononuclear cells by targeted monocyte-specific Bcl-2 expression resulted in reduced cellular infiltration, macrophage activation and production of proinflammatory cytokines in the hearts of MCP mice. These improvements in the pathophysiology led to superior preservation of cardiac structure and function, and significant prolongation of survival of MCP-1 transgenic mice, suggesting that apoptotic cell death of infiltrating mononuclear cells is a key event that mediates signaling pathways contributing to the development of cardiomyopathy and heart failure in this murine model.
Apoptotic inflammatory cells are found to be associated with many cardiovascular diseases such as myocardial Fig. 5 . Bcl-2 expression in monocytes inhibits proinflammatory cytokines mRNA expression in the hearts of MCP mice. Relative levels of TNF-a (A), IL-1h (B) and IL-6 (C) mRNA expression in the hearts of wild-type and transgenic mice were assayed by real-time PCR. The expression of TNF-a, IL-1h and IL-6 in the hearts was expressed as a ratio relative to age-matched wild-type controls. Over-expression of Bcl-2 in monocytes resulted in decreased TNF-a, IL-1h and IL-6 mRNA expression in the hearts of MCP/Bcl-2 mice compared to age-matched MCP mice. *P < 0.05, n = 6 per group per time point.
infarction, heart failure and myocarditis [12,14 -16] . However, the extent to which apoptosis of the infiltrating cells contribute to the progression of these diseases has not been elucidated. Transgenic mice with cardiac-specific expression of MCP-1 display mononuclear cell infiltration and apoptosis within myocardium, and develop cardiomyopathy and heart failure. Thus, this model provides a system to test the role of apoptosis of infiltrating mononuclear cells in the development of heart disease. The Bcl-2 gene is known to block apoptosis [25] , and Bcl-2 expression is low in the infiltrating mononuclear cells in human infarcted myocardium [26] . Therefore, the endogenous Bcl-2 levels may not be adequate to protect against apoptosis of the large number of infiltrated mononuclear cells in the myocardium of MCP mice. To test this hypothesis, we investigated whether monocyte-specific expression of Bcl-2 can prevent the death of the infiltrating mononuclear cells and thus affect the disease progression in this mouse model of cardiomyopathy. We observed that increased levels of Bcl-2 in monocytes protected infiltrating mononuclear cells from apoptotic cell death. Similarly, the death of cardiomyocytes and vascular cells that occurred in the hearts of MCP mice was also prevented by monocyte-specific Bcl-2 expression. This observation is consistent with the fact that apoptotic monocytes/macrophages are the main source of Fas ligand that would cause death in the cardiac cells, specifically vascular cells [27, 28] . Thus, inhibition of apoptosis of infiltrating cells resulted in preservation of cardiac structure, function and, therefore, improvement of survival in MCP/ Bcl-2 mice. Our observation suggests that apoptotic cell death of infiltrating mononuclear cells is a key event that contributes to the development of cardiomyopathy and heart failure in this murine model.
Classically, apoptosis is regarded as a type of cell death that does not induce significant inflammation and immune response. However, apoptotic cells have been shown to induce inflammation by the release of inflammatory cytokines such as Fas ligand [21, 22] . Fas ligand also has a proinflammatory function, and the ligation of Fas to circulating monocytes and tissue macrophages may induce proinflammatory cytokine responses that can initiate and amplify the inflammatory response [29] . TNF-a, IL-1h and IL-6 are also known to contribute to cardiac disease and heart failure [30, 31] . Our previous study showed that neutralization of Fas ligand by targeted cardiac-specific expression of soluble Fas attenuated myocardial inflammation and rescued MCP mice from the development of heart failure [32] . In the current study, our findings show that inhibition of apoptosis of infiltrating mononuclear cells by over-expression of Bcl-2 resulted in reduced production of TNF-a, IL-1h and IL-6 in the hearts of MCP/Bcl-2 mice compared to age-matched MCP mice. This effect correlated with the decrease in the number of CD45, Mac-1 and Mac-3 positive cells in the hearts of MCP/Bcl-2 mice. Thus, prevention of apoptosis of inflammatory cells resulted in the decreased production of inflammatory cytokines in the hearts and inhibited further cellular infiltration. The decreased levels of circulating CRP in MCP/Bcl-2 mice may also contribute to the reduction in cellular infiltration because CRP is known to up-regulate monocyte chemotaxis receptor CCR2 and thus would promote infiltration [33] . These findings were consistent with the previous reports that over-expression of Bcl-2 in endothelial cells inhibits nuclear factor kappaB (NF-kB) translocation [34] and thus down-regulates of NF-kB-dependent genes that are involved in immune and inflammatory response [35] . In fact, overexpression of Bcl-2 family members has also been shown to inhibit lipopolysaccharide (LPS)-induced production of cytokines such as TNF-a and IL-1h [36] .
The prolonged survival of infiltrating mononuclear cells in the hearts of MCP/Bcl-2 mice suggests that this could contribute to the protection of cardiac function. Overexpression of Bcl-2 may create the milieu necessary for monocyte survival and differentiation. Differentiation of monocytes into macrophages is important for them to actively participate in the repair process through the production of cytokines and growth factors. Previous studies have shown that an appropriate recruitment of inflammatory cells and the production of cytokines have beneficial effects to cardiac repair [37] . Transplantation of bone marrow mononuclear cells has been shown to limit myocardial infarct size through the release of vascular endothelial growth factor [38] . Thus, the prolonged survival of infiltrating mononuclear cells may help limit myocardial remodeling and preserve cardiac function in MCP/Bcl-2 mice. Monocyte survival and differentiation into macrophage could be important in regulating fibroblast proliferation and extracellular matrix deposition through expression of fibrogenic growth factors and production of metalloproteinases and cytokines. Consistent with the reduced number of macrophages and decreased production of TNFa, IL1h and IL-6 in the heart, collagen deposition in the hearts was also reduced in MCP/Bcl-2 animals. In fact, the 6-month-old MCP/Bcl-2 mice showed less ventricular dilatation and slightly decreased fractional shortening compared to wild-type controls. All of these results demonstrated that over-expression of Bcl-2 in monocytes may attenuate the progression of cardiomyopathy but does not completely rescue the degree of pathology in MCP mice.
In summary, our findings demonstrate that apoptosis of infiltrating inflammatory cells contributes to the development of cardiovascular disease. Inhibition of apoptosis of infiltrating mononuclear cells by monocyte-specific Bcl-2 expression attenuates myocardial inflammation by inhibition of cell infiltration, macrophage activation and production of proinflammatory cytokines, preserves cardiac structure and function, and improves survival of MCP mice. Our findings raise the interesting possibility that the physiological regulation of apoptosis of infiltrating inflammatory cells may represent a potential target for therapeutic intervention, which may also be relevant to other chronic inflammatory conditions in which monocyte/ macrophage accumulation is essential, such as transplant arteriosclerosis.
